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Many older adults are interested in smartphones which offer opportunities to 
improve their lives. However, most of them encounter difficulty in text input, 
which is essential for various applications. This difficulty makes some older 
adults to give up using a smartphone and go back to their old feature phone. This 
creates a digital divide even between those of the same generation. Therefore, 
providing appropriate support for text input is very important.  
The goal of this study is to propose and develop a tutoring system for text input 
that can perform the role of a human tutor who suggests what the next operation 
should be, exactly when necessary. The tutoring system automatically detects input 
stumbles and provides instructions that help users to resolve the stumbles by 
themselves. This study addresses three scenarios of the tutoring system. The first 
is a typing practice application with which users input presented texts. In the 
second scenario, the system is extended to allow free text input for daily use. 
Finally, the modality of input is extended to include voice input. 
 A common approach is adopted in these three scenarios. First, a user study is 
conducted to collect input data of older adults, which are used to identify and 
classify input stumbles. Then, statistical machine learning is conducted to build 
an automatic stumble detector. Finally, instructions for detected stumbles are 
designed to develop a tutoring system, and an evaluation experiment is conducted 
with older adults.  
Chapter 1 introduces the background, the problems and the approaches presented in 
the thesis. 
Chapter 2 reviews text input methods and support technologies that enhance 
accessibility to older adults. 
Chapter 3 describes an assistive typing practice application as the initial step 
in this study. First, the problems which novice older adults encounter when 
inputting presented sentences using a software keyboard are investigated. Ten 
classes of stumbles are identified by a decision tree with precision of 98% (F-
measure 94%). Next, the acceptability of the instructions provided for the stumbles 
is confirmed by a Wizard-of-Oz (WoZ) manner. Then, the assistive typing application 
is implemented. An evaluation experiment with novice older adults showed that by 
using the system, the typing speed measured by the characters per minute (CPM) is 
increased by 17.2%, and the stumble ratio with respect to chances for stumbles is 
  
reduced by 59.1% from the users' initial rate. 
Chapter 4 presents Typing Tutor, an individualized tutoring system that allows 
free text entry. First, a user study is conducted to clarify the problems when 
inputting free text, and 23 stumble classes are defined. In addition, the 
relationship between the input stumbles and the user's skill level is analyzed. 
Second, several statistical machine learning methods are compared. As a result, SVM 
achieves the best performance on the input stumble detection (precision of 90%; F-
measurer of 70%) and the skill level classification (accuracy of 88%), which are 
used to build the Typing Tutor. The effect of the Typing Tutor was evaluated in 
two-week field trials by older adults. The result demonstrates that the system 
significantly reduced the number of stumbles and improved the text input speed, 
especially in the initial stage of usage. Furthermore, the applicability of the 
statistical input detection to other keyboards and languages is discussed with the 
QWERTY layout for Japanese and English.  
Chapter 5 presents a tutoring system for voice input. With the same approach as 
the software keyboard input, classification of input stumbles and construction of a 
tutoring system are conducted. In this scenario, eleven classes are identified by a 
decision tree with precision of 83% (F-measure of 73%). In an evaluation 
experiment, the number of input stumbles and the sentence completion time were 
significantly reduced when subjects used the tutoring system compared to those who 
did not use the system. 













































  更に、試問の結果の要旨（例えば「平成 年 月 日論文内容とそれに関連した 
  口頭試問を行った結果合格と認めた。」）を付け加えること。 
 
Webでの即日公開を希望しない場合は、以下に公開可能とする日付を記入すること。 
要旨公開可能日：     年   月   日以降 
 
